Abstract
Introduction
The amyloidosis constitutes a group of diseases related to deposition of insoluble protein fibers in various soft tissues. Amyloid deposits disrupt tissue structure and therefore inevitably lead to failure of the affected organ. There are several features that all amyloidogenic proteins share: β-pleated sheet configuration, acidophilia (in H&E staining), metachromasy upon methylene blue staining during examination under light microscopy and characteristic apple-green birefringence under polarized light after Congo red staining [1, 2] .
Amyloid can be found in almost any tissue, but in particular patients the distribution of amyloid deposits may vary. A localized form of amyloidosis is identified when amyloid fibrils are found only in a single organ. On the other hand, systemic amyloidosis involves several organs of the human body [3] .
Some types of amyloidosis can run in families. These hereditary forms of the disease are related to genes mutations affecting amyloid precursor protein production and promoting the formation of insoluble amyloid fibrils [4] .
The recommended classification of amyloidosis is based on the type of the amyloid precursor protein. So far, at least 30 human proteins have been identified as being amyloid precursors [5] . According to that classification, amyloidosis can be described by the use of the abbreviation "A+ suffix" where A stands for "Amyloid" and suffix indicates the specific amyloidogenic precursor [6] .
AL amyloidosis is plasma cell dyscrasia -a disorder associated with the presence of malignant proliferation of plasma cells secreting monoclonal protein. In the case of AL amyloidosis, clonal population of plasma cells produces monoclonal immunoglobulin light chains or their fragments, which deposited in various tissues, become an amyloidogenic precursor [7] .
AL amyloidosis is a rare disease, nevertheless, it is the most commonly diagnosed form of systemic amyloidosis. In the UK and the USA, the incidence of AL amyloidosis is about 6-10 cases per million population per year [8] .
Regarding no updated epidemiological data for the Polish population, applying extrapolation of amyloidosis incidence in the UK population, Jędrzejczak estimates that annually in Poland approximately 250 new patients with AL amyloidosis may be detected [9] . Majority of new diagnoses is made in the elderly -in the USA, patients over 50 years of age comprise about 90% of the affected population, while in the UK, 66% of AL amyloidosis cases are found in patients between 50 and 70 years of age [9, 10] . AL amyloidosis in men is twice as common as in women [11] .
General symptoms of amyloidosis are usually nonspecific (the prevailing ones are general fatigue, weight loss and edema). The range of other symptoms depends on specific distribution of amyloid in a particular patient, resulting in impairment of affected tissues and organs. The most frequent syndromes observed in the course of amyloidosis are heart failure, nephrotic syndrome, hepatomegaly and peripheral neuropathy [10] . At the moment of establishing the diagnosis, over 60% of patients have at least two organs involved. The accumulation of amyloid proteins in the heart as well as in more than two organs is associated with poor prognosis [12] .
A large variety of possible symptoms and wide range of their compilation impose an assumption that the most important step in the diagnostic process of amyloidosis is to raise the suspicion of this disorder [13] . Suspicion of amyloidosis should be a trigger factor for initiation of the proper diagnostic pathway leading to as precise diagnosis as possible. It is worth emphasizing that thanks to numerous researches concerning amyloidosis treatment conducted in last decades, we are able to delay progression of this disease more and more effectively. The essential factor, which determines achieving the satisfying therapeutic results is early onset of well-targeted therapy. It is extremely important to remember that treatment options for AL and other types of amyloidosis differ remarkably, i.e. the patient with AL amyloidosis can benefit from autologous hematopoietic cell transplantation, which is not considered as a therapeutic option in other types of amyloidosis [14] .
According to presented information, it seems to be beyond any doubt that immunological diagnostic tests play a vital role in putting the proper diagnosis. Immunological tests not only are characterized by high sensitivity in amyloidosis recognition, but also allow one to differentiate AL amyloidosis from other types of this condition.
Case report
A 27-year-old Caucasian woman was admitted to the Department of Internal Diseases, Metabolic Disorders and Hypertension with the presumptive diagnosis of storage disease. This initial diagnosis had been made in a district hospital, where the patient had been referred due to general fatigue, epigastric pain, nausea, swelling of the lower limbs and increased abdominal girth. The results of performed examination had revealed hepatosplenomegaly, enlarged kidneys, hypertrophic cardiomyopathy and features of the nephrotic syndrome. The family history of the patient had been found remarkable since her mother had died of unrecognized reason at the age of 28.
On admission to our hospital the general condition of the patient was described as stable. She was aware and cooperating. On the physical examination the skin was remarkably pale, there was mild swelling around the ankles, on auscultation of the heart systolic murmur was heard, the liver was palpable with tenderness below the right costal margin.
Initial laboratory tests showed an increased value of erythrocyte sedimentation rate (ESR) (70 mm/hr) with a normal C-reactive protein (CRP) (1.0 mg/l). The only abnormality in blood count was a slightly elevated platelet count (449 × 10 9 /l). There were elevated D-Dimer (2315 ng/ml) and fibrinogen (474 mg/dl) levels. Markers of iron homeostasis were also assessed -low levels of iron (7.0 μmol/l) and total iron binding capacity (TIBC) (31.9 μmol/l) were followed by a normal level of serum ferritin (21.7 ng/ml). Liver tests were suggestive of cholestasis, which was marked by elevation of alkaline phosphatase (292 IU/l) and g-glutamyl transferase (GGTP) (457 IU/l), aminotranspherase activity, bilirubin level, as well as α-amylase level were within the normal limits. The abnormalities in the lipid profile were revealed -the total cholesterol value was 22.54 mmol/l, LDL-cholesterol -17.35 mmol/l and triglycerides -3.87 mmol/l. n-terminal prohormone of brain natriuretic peptide (NT-proBNP) reached the level of 2068.0 pg/ml. Kidney function tests, that is serum creatinine concentration and blood urea nitrogen (BUN) were at the normal level (59 μmol/l and 2.5 mmol/l, respectively), while in 24-hour urine collection, nephrotic range proteinuria of 5.9 g/l occurred. Hepatitis type B and C were excluded by serology tests (hepatitis B surface antigen and anti-hepatitis C virus antibodies were negative).
Serum protein electrophoresis revealed a decreased concentration of total protein (38.0 g/l), albumins (36.23%) and g-globulins (9.5%) and increased concentration of α2-globulins (30.9%) and β1-globulins (15.71%). Albumin/Globulin Ratio was low -0.6. The concentration of serum κ and λ chains and free light chains was normal, with a normal κ/λ ratio of 0.34. Serum and urine immunofixation were performed and no monoclonal protein was detected.
Images obtained during ultrasound examination of the abdomen demonstrated increased echogenicity of the apparently enlarged liver -up to 17 cm in the midclavicular line and 28 cm in the mid-hepatic line. Other abnormal findings in the abdominal ultrasound included an increased diameter of the portal vein, the spleen enlargement (14 cm of diameter) and the kidneys enlargement (without hydronephrosis). The size of pancreas was normal, but pan-creatic tissue was described as hypoechoic and granular. Between distended loops of the intestines free fluid was detected. Fluid was also observed in the pouch of Douglas and both iliac fossae.
Electrocardiogram showed sinus tachycardia (100/ min), low voltage QRS complexes in the limb leads, small R-wave in leads III, aVF, V2, V3 and flat T-wave in leads I, aVL, V5 and V6.
The echocardiographic study disclosed concentric left ventricular thickening (interventricular septum and posterior wall thickness were 17 and 18 mm, respectively) with the elevated left ventricular filling pressure and ejection fraction of 65%. Moreover, a small amount of excessive pericardial fluid was detected.
Cardiac magnetic resonance imaging (MRI) was also performed. MR images analysis confirmed concentric left ventricular thickening as well as thickening of the right ventricular walls. No signs of myocardial perfusion defects were observed. Myocardial viability assessment was obtained using the Late Contrast Enhancement technique. Late enhancement observed in both left and right ventricles was interpreted as suggestive of the presence of amyloid infiltration in the patient's myocardium.
Following analysis of all available information concerning our patient, tentative diagnosis of AL amyloidosis was made. The aim of further investigation was to confirm the diagnosis of amyloidosis and to make it explicit through determining the composition of amyloid deposits. Nevertheless, there were two elements in the history of our patient which were still raising doubts about such diagnosis -onset of the disease at a young age, which is unusual for AL amyloidosis and unexplained early death of the patient's mother. Thus, before the final conclusion was reached, broad differential diagnostic procedures were performed to exclude other conditions of similar clinical manifestation. In differential diagnosis, rare storage diseases and systemic connective tissue disorders were taken into consideration.
Urinary excretion of glycosaminoglycans (GAG) was measured using DBM method -GAG excretion expressed as a GAG/creatinine ratio was 10.92 mg/mmol (reference values for individuals aged over 20 years -2.95-4.87 mg/ mmol). According to the literature, in the case of renal amyloidosis, a decrease in urinary glycosaminoglycans excretion is observed [15] . Excessive GAG excretion was the reason for further observation towards storage diseases in our patient. Laboratory investigation performed in the Metabolic Laboratory in the Department of Pediatrics and Institute of Clinical Chemistry of Hamburg University Medical Center with high probability excluded the presence of Fabry's disease, as well as Pompe disease, Gaucher's disease, type A and B of Niemann-Pick disease and MPS I (mucopolysaccharidosis type I) and MPS VI (mucopolysaccharidosis type VI).
As a conclusion of the rheumatologic consultation, tests for anti-neutrophil cytoplasmic antibodies were carried out -both c-ANCA (cytoplasmic anti-neutrophil cytoplasmic antibodies) and p-ANCA (perinuclear anti-neutrophil cytoplasmic antibodies) were negative. Negative were particularly the antibodies against proteinase 3, myeloperoxidase, lactoferrin, cathepsin and bacterial permeability increasing factor. Tests for ANA (antinuclear antibodies) and anti-GBM (anti-glomerular basement membrane) antibodies were also negative.
In order to confirm the diagnosis of amyloidosis, a biopsy of rectal mucosa was taken. The obtained histological material contained single amorphous deposits in mucosa and blood vessel walls of the rectum and was tested positive with Congo red, thereby maintaining suspicion of amyloidosis. Nevertheless, further histochemical tests could not be performed as a result of insufficient amount of tissue gained from the biopsy, what is not infrequently encountered diagnostic problem [16] . Subcutaneous abdominal fat biopsy was also performed, however no deposits of amyloid were found in the specimen.
Bone marrow biopsy with following Congo red staining and immunohistochemical analysis were done (Fig. 1) . The specimen stained with Congo red dye revealed large amounts of amyloid disturbing normal structure of the bone marrow. Immunohistochemical analysis strongly suggested the presence of monoclonal plasma cells, reaching almost 10%. These results were confirmed in the amyloidosis reference centre -National Amyloidosis Centre UCL Division of Medicine in London, where the diagnosis was specified by performing immunohistochemistry with monospecific antibodies against serum amyloid A (SAA), transthyretin, κ and λ immunoglobulin light chains. Positive reaction was obtained for λ immunoglobulin light chains. During examination under polarized light the specimen demonstrated green birefringence characteristic of amyloid fibrils. These findings were fundamental for establishing the final diagnosis of AL-λ subtype amyloidosis.
During hospitalization our patient was putting on weight, abdominal girth was also increasing. These signs were reflected in the findings of abdominal ultrasonography revealing a gradually collecting amount of fluid in the patient's abdomen. Increase in NT-proBNP concentration was observed. It was 4688.0 pg/ml on the seventeenth day of hospitalization and six days later it reached the level of 5036 pg/ml, which was two and a half as much as at the time of admission. While awaiting final immunohistochemical tests results, the patient's condition deteriorated -peripheral edema and ascites were expanding as a result of both the heart and kidney failure. Within a month, renal function parameters changed dramatically, creatinine concentration from the normal level (104 μmol/l) became considerably elevated (466 μmol/l). Creatinine clearance from the level of 66 ml/min/1.73 m 2 decreased to 14 ml/ min/1.73 m 2 . Since that time the patient has required renal replacement therapy.
Immediately after receiving the results from the National Amyloidosis Centre UCL Division of Medicine the patient was admitted to the Hematology Division of our Hospital to undergo qualification of AL amyloidosis targeted chemotherapy. Autologous stem cell transplantation as the prospective therapeutic solution was also considered.
Discussion
Nearly eight months passed from the moment of our patient's admission to the district hospital to chemotherapy initiation. In spite of early made initial diagnosis, prompt therapy was delayed as a result of difficulties in diagnosis objectification. During all this time our patient's management was based on symptomatic treatment. The patient needed supportive care including the use of diuretics, angiotensin-converting enzyme inhibitors, antiemetics and antidepressants. It should be noted that the role of symptomatic treatment in patients suffering from amyloidosis cannot be neglected as it is crucial to prevent decompensation of organs affected by disease [17] .
The main reason for which disease-directed therapy of amyloidosis is postponed until accurate amyloidogenic protein typing is performed, is high risk therapy applied in amyloidosis treatment. Taking into account that different types of systemic amyloidosis require diverse therapeutic approaches and that at the same time, regardless of the amyloidosis type, the recommended treatment is aggressive and often uses cytotoxic drugs, we reach a conclusion that treatment carrying such a high risk of serious side-effects should not be administered without definite indications [18, 19] .
None of widely available laboratory tests using blood or urine samples, as well as none of imaging studies is specific enough to determine the certain diagnosis of amyloidosis independently of other examinations results [20, 21] .
According to diagnostic criteria of the Mayo Clinic, to recognize systemic light-chain amyloidosis we need to reveal coexistence of the following findings:
• clinical symptoms resulting from amyloid infiltration of particular organs, • positive result of amyloid Congo red staining in biopsy material containing amyloid deposits, • evidence indicating that amyloid deposits contain immunoglobulin light chain proteins, • confirmed presence of monoclonal plasma cell proliferative disorder. It was estimated that about 2-3% of patients suffering from AL amyloidosis do not meet above criteria of diagnosis [22] .
According to literature data, in the case of a patient with clinically suspected AL amyloidosis, serum and urine immunofixation along with Ig-free light chain (FLC) assay should be used as screening tools [20] . Even in a half of cases, the classical gel electrophoresis can give false negative results, but its sensitivity increases to 80% with the use of immunofixation. This can be explained by a usually low serum concentration of monoclonal protein [10] . A small amount of monoclonal protein detected in amyloidosis patients' serum is, in turn, a consequence of a typically low percentage of plasma cells found in bone marrow in the course of AL amyloidosis (usually < 10%) [12] . Sensitivity of circulating FLCs measurements reaches 98%, nevertheless their specificity is low as they give false positive results in the case of other types of plasma cell dyscrasias [23] . In healthy individuals, prevalence of κ light chains in bone marrow is observed, while in patients with AL amyloidosis κ/λ FLC ratio 1:3 is a characteristic feature [24] . It is assumed that the normal value of κ/λ ratio makes the Primary systemic amyloidosis as a real diagnostic challenge -case study diagnosis of AL-amyloidosis unlikely [20] . In our patient, despite the finally achieved definitive confirmation of AL amyloidosis, κ/λ ratio measured during hospitalization was 0.34 with the reference of the normal range from 0.26 to 1.65. Considering the above mentioned figures, we incline to the statement that when strong clinical suspicion of amyloidosis appears, negative results of serum and urine protein immunofixation cannot imply neglecting further diagnostic procedure [20] .
The next diagnostic step is tissue biopsy for amyloid protein investigation. Tissue samples usually undergo Congo red staining. Congo red dye is the most popular one applied to a tissue suspected of amyloid protein accumulation. It enables obtaining pathognomonic green birefringence of stained tissues examined under polarized light in the case of the presence of amyloid deposits in the tissue specimen [25] . The choice of biopsy site seems to be another essential issue. Theoretically, knowing which of the patient's organ is affected, we are able to use biopsy to get a tissue sample directly from the diseased organ expecting high reliability of such targeted biopsy procedure. Indeed, it has been estimated that amyloid accumulation can be visualized in more than 90% of liver or kidney biopsies taken from patients with AL amyloidosis. However, attention should be paid to the fact that biopsy of parenchymal organs poses in particular a risk of internal bleeding. Therefore, in the case of amyloidosis, with the patients' increased bleeding susceptibility [26] , it seems to be reasonable to treat parenchyma organs biopsy rather as the procedure of last choice, which can be used when other, less invasive methods give equivocal results. A simple and safe method with a relatively high sensitivity (60-80%) is the biopsy of subcutaneous fatty tissue. Biopsies of rectal mucosa and bone marrow are also often used, the sensitivity of these is 50-70% and 50-55%, respectively [27] . The combination of both biopsy of the iliac crest bone marrow and abdominal fat pad fine needle aspiration gives positive results in 85% of cases [20] . In reference to our patientthe results of her abdominal subcutaneous fat aspiration were negative and the interpretation of rectal mucosa biopsy uncertain, however bone marrow trepanobiopsy clearly indicated amyloid masses contained in bone marrow.
The last but not least stage of the diagnostic approach of AL amyloidosis is confirming the immunoglobulin light chain origin of amyloid fibrils. As it was mentioned at the beginning it is practically impossible to distinguish particular types of amyloidosis referring only to their clinical symptoms. In different therapeutic options dedicated to various types of amyloidosis, significance of identification of the protein forming amyloid fibrils is beyond any doubt. The presence of serum and urine immunoglobulin concentration or fractions abnormalities is not conclusive evidence of amyloid deposits origin and should not be treated as the factor excluding other types of amyloidosis than AL. Case reports of patients with two types of amyloidosis coexisting have been already described [28] . Another possibility is coexistence of monoclonal gammopathy of undetermined significance being a cause of the excessive amount of serum FLC and inherited amyloidosis with amyloidogenic protein completely different from immunoglobulin light chains [29] . It should be remembered that some cases of hereditary amyloidosis occur as a result of a new (de novo) mutation. It is generally supposed that a negative familial history is the factor leading to misdiagnosis of hereditary forms of amyloidosis and underestimation of its incidence [28, 30] . Positive familial history of early death in our patient obligated us to be particularly carful in drawing any conclusions. We had to take into account a possibility of hereditary amyloidosis as being the only or coexisting with AL amyloidosis type of disease in our patient.
The tool used in identifying amyloid protein and thereby establishing the amyloidosis type, is immunohistochemistry [31] . The positive control for immunohistochemical tests is ensured by antisera to serum amyloid P (SAP) as SAP is a common constituent of all the types of amyloid deposits [32] . In routine immunohistochemical investigations, the tissue samples are incubated with specific antibodies directed against most popular amyloid precursors, such as κ and λ light chains, serum amyloid A and transthyretin [32] . In the presented case, immunohistochemical staining was the method which enabled establishing final diagnosis of AL amyloidosis λ subtype.
It is worth mentioning that in recent years, apart from developing new therapeutic options, diagnostic techniques have been also improved. A more sophisticated diagnostic tool, so far used mainly for research, is immunogold electron microscopy (antibodies used in this assay are gold-labeled). Immunogold electron microscopy is derived from immunochemical tests, combining advantages of immunochemistry and electron microscopy [33] . Introduction of new diagnostic techniques are likely to revolutionize the diagnostic approach in the near future, among these laser microdissection and mass spectrometry-based proteomic analysis of biopsy material seem to be particularly promising [34] . Genetic testing plays the vital role in confirming most common hereditary forms of amyloidosis. Identifying the genetic mutation of the amyloid precursor proteins by the use of genetic tests remarkably contributes to establishing the correct diagnosis [29] .
In summary, on account of the dynamic development of therapeutic procedures dedicated to amyloidosis management and wide availability of these advanced therapeutic options, early establishing of the most precise diagnosis with typing of amyloidogenic protein becomes more and more vital for achieving satisfactory results of implemented treatment. Unfortunately, unlike new treatment options for amyloidosis, accurate diagnosis is hard to reach. Taking into consideration the poor survival rate of untreated patients with amyloidosis, it appears that current efforts
